The use of skull base surgery in patients 70 years or older is increasing, but its safety in this age group has not been evaluated to date.
A variety of pathologic processes may involve or extend to the anterior skull base, a complex structural boundary separating the intracranial from the sinonasal and facial regions. Although rare in the general population, the most common skull base lesions at our institution include nonsellar benign or malignant tumors and benign pituitary lesions. 1 Resection of skull base neoplasm may be accomplished via traditional open, endoscopic, or combined surgical approaches. 2 The endoscopic endonasal approach has become the standard of care because it provides minimally invasive access to a large portion of the skull base, including anterior and middle cranial fossae and sellae and suprasellar and parasellar regions, and it has been associated with lower surgical morbidity and shorter length of hospitalization. [3] [4] [5] [6] However, the complication rate associated with endoscopic endonasal resection of some skull base tumors in previous studies is not insignificant, with estimates of postoperative mortality of 3% to 5% and postoperative complications up to 36% to 42% in adults. 7 The use of skull base surgery in patients 70 years or older, a medically challenging population, is becoming increasingly common, particularly with the increased use of minimally invasive techniques. With regard to general surgical procedures, it is well documented that patient age of 70 years or older is associated with increased perioperative complications compared with younger patient age. 8 However, the safety of skull base surgery, specifically in the population of persons older than 70 years, has not been thoroughly evaluated in the existing literature. Few studies have analyzed smaller cohorts of patients 70 years or older who underwent craniofacial surgery. Ganly et al 9 analyzed a 170-patient, multi-institutional cohort of patients 70 years or older with malignant tumors who underwent craniofacial surgery and found higher postoperative complication rates in these patients than in younger patients; however, an analysis of outcomes comparing endoscopic and open approaches was not performed. In addition, the data from that study were collected before endoscopic surgery was widely used for skull base neoplasms. In a different study, Ganly et al 10 found similar results in a smaller cohort of 36 similarly aged patients who underwent skull base surgery. Hentschel et al 11 found increased perioperative complications in a cohort of 28 older patients compared with a younger group. The present study is the first single-institution study, to our knowledge, to analyze and conduct detailed subanalyses in a cohort of more than 200 patients 70 years or older who have undergone skull base surgery for a variety of benign and malignant entities. The aims of this study were to describe outcomes in this cohort; to evaluate whether age, pathologic process, and surgical approach are associated with increased intraoperative and postoperative complications; and to analyze other factors potentially associated with increased perioperative complications.
Methods

Study Design and Participants
A database of 1720 patients who underwent surgery that involved the anterior or lateral bony skull base between October 2007 and June 2017 at the University of North Carolina Hospitals, Chapel Hill, a tertiary referral medical center, was analyzed. Data were collected from June 2016 to July 2017 and analyzed in July 2017 and August 2017. The University of North Carolina Hospitals' institutional review board approved access to the database and waived informed consent for data collection. Two hundred nineteen patients met the criterion of age 70 years or older.
Data Sources and Measurements
Retrospective review of the electronic medical record was used to collect additional data not present in the database for each patient. Data collection was performed using existing electronic medical records. Data were recorded in a Health Insurance Portability and Accountability Actcompliant online database. Demographic data collected included patient age, sex, race, ethnicity, past nasal surgery, past chemotherapy or radiotherapy, and American Society of Anesthesiologists physical status classification as a surrogate for medical comorbidities. Race and ethnicity were defined only by electronic medical record categories, not by the investigator, and these data were collected and analyzed to comprehensively assess any patient factors associated with operative outcomes.
Data on intraoperative findings, postoperative outcomes, and final pathologic determination for each patient were collected from clinic and operative notes in the electronic medical record. Final pathologic determination was obtained from final surgical pathology reports. Pathologic findings were categorized as pituitary (sellar), skull base, encephalocele or cerebrospinal fluid leak, nonsellar benign tumor, malignant tumor, and inflammatory process. The inflammatory process category included mucocele, allergic fungal sinusitis, invasive fungal sinusitis, and osteoradionecrosis. Reports from preoperative radiologic imaging were reviewed to identify the size of pituitary lesions and encephaloceles, if present.
Operative notes were used to collect information about surgical approach, anatomic location, and intraoperative findings such as cerebrospinal fluid leak, dural defect size, placement of external ventricular drain or lumbar drain, gross total resection, tracheostomy, and skull base reconstruction. Intraoperative complications were identified and classified as either systemic (anesthesia-related, cardiac, or
Key Points
Questions What are the general skull base surgery outcomes in patients 70 years or older, and are patient age, disease process, and surgical approach associated with increased intraoperative or postoperative complications in this population?
Findings This cohort study found no clinically meaningful difference in complications from skull base surgery with increasing age, endoscopic vs open approach, or benign vs malignant disease in patients 70 years or older.
Meaning Skull base surgery is a safe option in persons 70 years or older, with similar outcomes across older age ranges, surgical approaches, and pathologic findings. pulmonary), hemorrhagic, or neurologic (nerve transection, brain extrusion, lumbar drain placement failure, cerebritis, or meningitis). Intraoperative major bleeding was defined as bleeding that was beyond the upper normal limit for skull base surgery requiring transfusion or other additional management, bleeding that was mentioned in the operative note, or both. Postoperative complications were also identified, including presence and management of cerebrospinal fluid leak, bleeding (including hematoma, epistaxis, and other surgical site bleeding requiring intervention), hospital readmission, cranial neuropathy, pneumocephalus, cerebrovascular event, flap failure, death, and early (<6 months postoperatively) or late (>6 months postoperatively) reoperation.
Quantitative Variables and Statistical Methods
Patient demographic characteristics, surgical approaches, lesion characteristics, and outcomes were analyzed using descriptive and quantitative statistics. Age younger than 80 years vs 80 years or older, open vs endoscopic approaches, and benign vs malignant disease were compared using effect size and 95% CI. Data were collected and stored in a customized REDCap skull base surgery database hosted at the University of North Carolina and analyzed with Stata, version 14.0 (StataCorp). 12 
Results
Participants
A total of 219 patients 70 years or older were analyzed, including 120 men (54.8%) and 99 women (45.2%). One hundred sixty-six patients (74.9%) were aged 70.0 to 79.9 years, and 53 (25.1%) were 80 years or older (Figure) . The mean (SD) age was 76.4 (4.7) years, with a range of 70.0 to 87.9 years; 160 patients (73.7%) were white. 
Outcomes
The most common intraoperative and postoperative complications were intraoperative major bleeding (Table 3) , intraoperative major bleeding (3.9%, 95% CI, −0.7% to 12.9%), postoperative cerebrospinal fluid leak (−0.6%, 95% CI, −3.4% to 5.6%), or postoperative bleed (1.5%, 95% CI, −3.9% to 10.6%).
Discussion
Although skull base surgery historically has rarely been performed in patients 70 years or older in the past owing to concern for relatively higher operative risk and poor outcomes, it is becoming increasingly common. However, the existing literature lacks sufficient evidence for the safety and feasibility of this surgery in patients 70 years or older. Specifically, to our knowledge, no data exist regarding preoperative factors and operative outcomes for subgroups within the 70 years or older patient demographic group. Older patients are often analyzed as a whole, with all patients older than 65 to 70 years grouped together. However, there may be significant differences in clinical and surgical factors between, for example, a 70-year-old and an 85-year-old patient. In addition, previous studies have not analyzed outcomes within older patient groups with respect to pathologic type or surgical approach. Most existing literature on skull base surgery describes younger adult patients, mostly malignant disease, or a smaller cohort of older patients.
9-11
To our knowledge, this study is the largest analysis of skull base surgery in a cohort of patients 70 years or older in the current literature. The descriptive data for this cohort provide invaluable insight into the variety of skull base pathologic conditions and frequency of specific intraoperative and postoperative outcomes in this population. This study demonstrates no clinically significant difference in noteworthy intraoperative or postoperative outcomes and complications based on increasing age, surgical approach (endoscopic vs open), or presence of malignant neoplasm in the older patient population at our institution. Although previous studies have found higher rates of perioperative complications and mortality in patients 70 years or older undergoing skull base surgery, a subanalysis of outcomes based on malignancy status, increasing older age, or operative approach has not been performed in this population. [9] [10] [11] The results of our analysis suggest that skull base surgery, including the standard-of-care endoscopic endonasal approach, is a safe and feasible option for resection of skull base disease in the patients 70 years or older, regardless of age or malignancy status. Complication rates were overall low and similar to, if not lower than, those reported in all adults in the existing literature. 7 
Limitations
Several limitations in our analysis must be discussed. The frequency of certain intraoperative and postoperative outcomes was generally low in our patient population. This finding reflects our institution's experience with and volume of skull base surgery and the team-based multidisciplinary approach we use for all patients undergoing skull base surgery. These results may not be generalizable to new programs and their learning curves or to institutions without comprehensive skull base centers. Appropriate caution must be taken when analyzing and interpreting retrospective data; however, there is likely not a superior, ethical alternative to a retrospective outcomes analysis for skull base surgery. In addition, selection bias regarding endoscopic and open surgery patient cohorts cannot be understated when comparing these 2 groups. In our cohort, the most endoscopic procedures were for resection of benign disease, and most of the open procedures were for resection of malignant disease. In some cases, patients who undergo endoscopic surgery may also have less extensive disease than patients for whom an open approach is required. However, as previously discussed, no statistical difference in outcomes was noted between approaches or malignancy status, and both of these variables were included in our multivariate regression model. Complication rates were overall low regardless of approach and pathologic process in our cohort of patients 70 years or older.
The selection bias potentially present in patients selected for surgical management of skull base disease must also be addressed. It is likely that a fraction of patients 70 years or older at this institution were not eligible for surgery owing to comorbidities and other factors, and patients selected for surgery by the multidisciplinary skull base team may have superior overall health status, resulting in biased operative outcomes. Additional studies are needed to further analyze and describe any fundamental patient and disease factors that differ between older patients with skull base abnormalities who receive surgical vs nonsurgical treatment. Such analyses will enable superior selection of patients who may benefit more and experience less risk from skull base surgery. Of note, the approach to care and goals of care in this older cohort did not differ from those used in managing skull base abnormalities among the general patient population of all ages at this institution. In general, gross total resection is the goal for all patients, and perceived ability to achieve total resection is a strong consideration in choosing surgical management; however, in select, cases small fragments of benign lesion may be intentionally left behind if surgical goals, such as decompression or symptom management, have been achieved.
In addition, the power of this study is limited by the small number of outcome events in our 219-patient cohort. As skull base surgery becomes increasingly more common in patients 70 years or older, the size and statistical power of this cohort will increase. Future analysis of our growing older skull base surgical population will provide a clinically relevant complement to this study. In addition, future studies of a larger cohort should include a cost analysis of skull base surgery in patients 70 years or older compared with younger adults, which will provide further insight into any potential differences in health system-related costs associated with skull base surgery in older patients.
Conclusions
Among older patients selected for surgery at our institution, skull base surgery is a safe option, with similar outcomes across ages 70 years or older, surgical approaches, and skull base abnormalities. This analysis provides novel data to support appropriate use of the endoscopic endonasal approach for resection of skull base disease in patients 70 years or older without evidence of worse intraoperative or postoperative outcomes compared with the traditional open approach in this population.
